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COMATOSE (CTS), the plant homologue of 
Adrenoleukodystrophy protein, is a full length ABC transporter 
localized in peroxisomes. In a recent article, we reported that 
the two-nucleotide binding domains of CTS are not functionally 
equivalent in vivo. Mutations in conserved residues in the Walker A 
(K487A) and B (D606N) motifs of NBD1 resulted in a null pheno-
type, whereas identical mutations in the equivalent residues in 
NBD2 (K1136A and D1276N) had no detectable effect.1 In order 
to study the effect of these mutations on the ATPase activity of the 
nucleotide binding domains, we cloned and expressed the isolated 
NBDs as maltose binding protein (MBP) fusion proteins. We show 
that ATPase activity is associated with the isolated MBP-NBDs. 
However, mutations of amino acids located in conserved motifs did 
not result in striking reduction in activity despite well character-
ized roles in ATP binding and hydrolysis.2 We urge caution in the 
interpretation of results obtained from the study of isolated NBD 
fusions and their extrapolation to the mechanism of ATP hydro-
lysis in ABC transporter proteins.
In Vitro Purification and ATPase Activity of Isolated MBP-NBDs
Understanding the ATP hydrolysis mechanism of nucleotide 
binding domains and their role in the transport of molecules by 
eukaryotic ABC transporters has proved difficult due to the neces-
sity of purifying and reconstituting the full length transporters 
in a  functional manner.3,4 The use of isolated nucleotide binding 
domains fused to a tag and expressed in bacteria has often been the 
method of choice for tackling this problem.5-8
In vivo data suggest CTS NBD1 plays a critical role in func-
tion whereas NBD2 is dispensable. This is consistent with the 
substitution of the switch motif His of the H-loop with Q in CTS 
NBD2, which would imply reduced ATPase activity as seen in the 
Transporter for Antigen Presentation (TAP) and the haemolysin 
B transporter (HlyB).9-11 We tested this hypothesis by cloning 
both NBD1 and NBD2 fused to either an N-terminal His10-tag 
(pET16b, Novagen), an N-terminal His6-tag (pET28b, Novagen) 
or N-terminal MBP-tag (pMal-c2x, NEB) and expressing them in 
E. coli. In contrast to His-tagged fusion proteins, which were poorly 
expressed and found mostly in inclusion bodies, MBP-tagged NBDs 
were soluble, expressed at a high level and could be highly purified 
by amylose affinity chromatography (Fig. 1A). ATPase assays of puri-
fied MBP-NBD1 and MBP-NBD2 showed that ATPase activity was 
associated with both NBD1 and NBD2 fusion proteins (Fig. 1B, 
black squares, top and lower respectively), but not with MBP (Fig. 
1B, open circles). ATPase activity was comparable with that reported 
for several previously isolated NBDs.6,12,13
Point mutations in the Walker motifs (corresponding to the muta-
tions studied in vivo) were introduced by site-directed mutagenesis 
and the resulting purified proteins were tested in a similar manner 
(Fig. 1B). All residues mutated are suggested to be crucial for ATP 
binding and hydrolysis.2 Similarly, due to the loss of the essential 
histidine of the H-loop, H636Q should have a reduced ATPase 
activity, whereas Q1306H would be expected to have increased 
activity.10,11 However, despite a slight reduction in ATPase activity of 
D606N and a surprising increase for D1276N, no striking differences 
in the ATPase activity of the mutants compared to the wild-type were 
found. This was also observed for the point mutants G503E, C631Y 
(both of which impair CTS function in vivo),1 E607Q, in which 
the “catalytic carboxylate” is replaced with glutamine and the double 
mutants K487A/E607Q and D606N/E607Q (data not shown).
Oligomeric State of MBP-NBD Fusion Proteins
The retention of ATPase activity for all mutants in vitro suggested 
the potential presence of contaminating activity. Chaperones, which 
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often co-purify with misfolded and/or overexpressed proteins, could 
thus represent potential candidates because they often possess ATPase 
activity to release proteins after they are folded. Immunoblotting 
showed that low levels of GroEL (Fig. 1C) and DnaK (not shown) 
were present in the purified protein fractions. However, similar 
amounts of chaperones were found in the MBP fraction compared to 
MBP-NBD fractions. Since MBP alone exhibited negligible ATPase 
activity (Fig. 1B), neither GroEL nor DnaK contamination can 
account for the high ATPase activities found for WT and mutant 
proteins.
In order to purify the MBP-NBDs further, the amylose-purified 
fractions were subjected to gel filtration chromatography (Fig. 2A). 
MBP-NBD1 was present in three different forms: a monomer (~70 
kDa), a higher oligomer (>200 kDa) and an aggregated form that was 
found close to the void volume after gel filtration. This aggregated 
form did not penetrate a native gel (Fig. 2A, right). Aggregation has 
been reported for other MBP-NBD fusions.6,14 ATPase activity assays 
were performed using same amount of MBP-NBD1 from each frac-
tion. The aggregated fraction always had the highest ATPase activity, 
possibly reflecting a highest degree of contamination by unknown 
ATPases. The monomeric fraction had only a background activity 
similar to MBP fractions (not shown), which is consistent with the 
requirement for NBD dimerization to produce ATPase activity.15 
When the oligomeric fractions were tested, again no obvious differ-
ences were found between WT MBP-NBD and the corresponding 
mutants. Mixing purified NBD1 and NBD2 did not result in forma-
tion of heterodimers or increase in ATPase activity (not shown).
Conclusions
Many authors investigate the activities of given NBDs by 
cloning and expressing them as fusion proteins. This is an appar-
ently convenient and rapid way to determine the relative ATP 
Figure 1. Purification and ATPase activity of MBP-NBD variants. (A) E. coli strain BL21Gold cells expressing the various constructs were disrupted in column 
buffer (20 mM Tris pH 7.4, 200 mM NaCl, 1 mM EDTA) by sonication and the lysate clarified by centrifugation. MBP fusion proteins were purified by 
amylose affinity chromatography and eluted in 20 mM Tris pH 7.4, 200 mM NaCl, 10 mM Maltose. 1 μg of each purified protein was separated by SDS-
PAGE and stained with Coomassie Blue R250. NBD1 comprises amino acids 442 to 685 and NBD2 comprises amino acids 1091 to 1337 delimited by 
disordered regions present in CTS modeled on homology with Sav1866 (2HYD.pdb) as a structure template.1 (B) Purified proteins were incubated in 50 
mM Tris pH 7.4, 0.15 mM NH4Cl, 5 mM MgSO4 in a 10 μl final volume. Reaction was started by the addition of ATP and incubated at 37°C for 30 min. 
Phosphate release was measured by the method of Chifflet et al. 1988.18,19 Data are means ± SD of the mean and are representative of 3 independent 
experiments. (C) Equivalent amounts of purified proteins were loaded on a SDS gel and Coomassie stained (left) or transferred onto a nitrocellulose mem-
brane and blotted with an anti-GroEL antibody (right).
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difference, although the major E. coli chaperones GroEL and DnaK 
could be excluded (Fig. 1C). Another possibility is that the choice 
of domain boundaries used in the NBD1 and NBD2 constructs 
conferred non-physiological/unusual folding on the proteins, resulting 
in an ATPase activity independent of the requirement for residues 
that are normally essential within the native context. Neither of these 
scenarios is easy to prove or refute. Caution should thus be taken 
when interpreting ATPase activities of MBP-NBD fusions in vitro.
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binding and hydrolysis constants for a particular protein. Point 
mutations exhibiting reduced activity have been described,16,17 
but mutations greatly reducing the ATPase activity (>80%) of an 
MBP-NBD fusion protein have only rarely been reported. In our 
case, the K487A mutation introduced in the full length CTS had 
a null phenotype in vivo1 and about 80% reduced ATPase activity 
in the context of the full length protein expressed in a heterologous 
system (Nyathi Y and Baker A, unpublished), whereas the same 
mutation introduced into isolated MBP-NBD1 retained full 
activity (Fig. 1B).
An unknown contaminating ATPase activity that co-purified with 
the MBP-NBD fusions but not with MBP alone could explain this 
Figure 2. MBP-NBD purify as a mixture of different forms. (A) Amylose-
purified MBP-NBD1 fractions were combined, concentrated and loaded onto 
a Superose 6 column (A, left) or a blue native gel (A, right). The void volume 
on the gel filtration chromatography is indicated by an arrow. The native gel 
was transferred onto a PVDF membrane and immunoblotted with anti-CTS 
antibody. (B) ATPase activities of the three fractions. Equal amounts of protein 
were assayed, containing the same amount of MBP-NBD1. The dotted line 
shows the level of activity associated with MBP alone.
